ABSTRACT We examined effects of feeding chicks differing levels of macronutrients on performance during the first 7 d posthatch in this study. Four experiments were conducted using male Ross × Ross broiler chicks. The first experiment examined, in a 3 × 3 factorial design, the effect of feeding fat at 3, 7, and 11% and protein at 18, 23, and 28%. With increasing protein and fat levels feed intake and BW decreased. The second experiment examined, in a 3 × 2 factorial design, the effect of fat at 3, 7, and 10% and cellulose at 3 and 13%. Increasing fat in the diet decreased feed intake at both cellulose levels with little effect on BW. High cellulose decreased feed intake and BW. Experiment 3 examined, in a 3 × 2 factorial design, the effect of protein at 19, 23, and 27% and cellulose at 3 and 13%. Increasing protein levels decreased feed intake with little effect on BW. Cellulose decreased feed intake as levels increased. The fourth experiment
INTRODUCTION
In the developing poultry embryo the sole energy supply is yolk (Romanoff, 1960) . Towards the end of the incubation period yolk is internalized into the abdominal cavity. At hatch yolk comprises approximately 20% of the BW of chicks and provides immediate posthatch energy and protein for maintainance and growth (Romanoff, 1960; Sklan and Noy, 2000) . During this period chicks make the transition from yolk dependence to utilization of exogenous feed. Yolk is utilized in the posthatch chick simultaneously via two routes. One route is by direct transfer to circulation, whereas the other is by transport through the yolk stalk into the small intestine. Antiperistaltic movements transfer the yolk to the proximal small intestine where acyl lipids are digested by pancreatic lipase. Thus, oleic acid is highly absorbed close to hatch, whereas, in contrast, hydrophyllic compounds such as glucose and amino acids are not well absorbed from a yolk rich medium. Absorption of glucose and 2002 Poultry Science Association, Inc. Received for publication May 10, 2001 . Accepted for publication November 5, 2001. 1 To whom correspondence should be addressed: sklan@ agri.huji.ac.il. 391 examined, in a 4 × 2 factorial, the effect of feeding protein at 19, 21, 23, and 25% and fat at 4.5 and 9%, for 1 wk followed by standard diets through marketing. Significant differences in feed intake, BW and feed efficiency were observed at 7 d, but by 18 d differences were not significant and by 31 and 41 d no treatment effects were observed.
Fat and protein percentage in the carcass in all experiments were not altered by dietary treatments and thus the efficiency of protein and fat retention decreased with increasing dietary intake.
This study indicates that feeding diets with varying macronutrient levels to chicks during the first week posthatch has distinct effects as compared to older broilers. It appears that once limiting amino acids and energy are provided the influence of dietary composition on immediate posthatch growth is limited. amino acids increases with age and with the development of hydrophyllic conditions in the intestinal lumen Sklan and Noy, 2000) .
Many studies have examined the nutritional requirements of chicks, but in general these have commenced from 7 d once the yolk is no longer present (Allen and Baker, 1972; Hewitt and Lewis, 1972; Waldroup et al., 1976; Baker and Han, 1994) . Optimal nutrition in the first week should take into account the contribution of the yolk and the ability to effectively utilize exogenous feed. Furthermore, little is known concerning the regulation of feed intake during the initial posthatch period. Therefore, this study examined the effect of feeding chicks differing levels of macronutrients on performance during the first 7 d posthatch as well as their effects through marketing.
MATERIALS AND METHODS
Male Ross × Ross broiler chicks were taken from the hatchery within 1 h of clearing the shell and were transported within 30 min to a battery brooder where feed and water were available ad libitum. Chicks were divided into experimental groups on the basis of body weight equalizing body weight and variance between groups. Each dietary treatment was applied to 5 replicate groups of 10 birds. During the experiments, feed intake was de- Provided vitamins and minerals as previously described (Uni et al., 1995) . termined daily as the decrease in trough weight divided by the number of birds. At the end of Experiments 1 to 3 at 7 d posthatch, two chicks/group were sampled for carcass composition (Plavnik et al., 1983) and two additional chicks were sampled for internal organ sizes (Uni et al., 1999) . All procedures were approved by the Animal Care and Welfare Committee of our Institute.
Experiment 1
This experiment examined the effects of fat and protein concentrations in the diet in a 3 × 3 factorial design. Sulfur amino acids and lysine concentrations were maintained at NRC (1994) recommended levels, and ME was similar at each of the fat levels (Table 1) . Diets were fed for 1 wk.
Experiment 2
This experiment examined the effects of fat and cellulose levels in the diet in a 2 × 3 factorial design with two levels of cellulose and three levels of fat. All diets contained 23% CP and amino acids as in Diets 4 to 6 in Experiment 1 (Table 1) with 10% cellulose mixed into the diets allowing the relative proportions of the other ingredients to decrease in the high cellulose treatments. Diets were fed for 1 wk.
Experiment 3
This experiment examined the effects of protein and cellulose levels in the diet in a 2 × 3 factorial design with two levels of cellulose and three levels of protein. All diets contained 6.8% fat and amino acids as in Diets 2, 5, and 8 in Experiment 1 (Table 1) with 10% cellulose mixed into the diets allowing the relative proportions of the other ingredients to decrease in the high cellulose treatments. Diets were fed for 1 wk.
Experiment 4
The experiment examined the effects of feeding fat and protein in a 2 × 4 factorial design with two levels of fat and four levels of protein for 1 wk (Table 2) , after which all chicks were fed diets prepared according to NRC (1994) recommendations through marketing. Chicks were weighed at 7, 18, and 31 d and at marketing at 41 d.
Calculations and Statistics
Feed efficiency is presented as the increase in BW from hatching × 100 divided by the feed intake. Least-squares means of results are presented after factorial analysis of variance with the two dietary variables in each experiment as factors using the general linear models procedures of SAS (SAS Institute, 1986) . Differences between means were tested using the Tukey range test and significance was P < 0.05 unless otherwise stated.
RESULTS
Performance data for Experiment 1, which examined the effects of fat and protein levels, are shown in Table  3 , for the individual treatments and for the different fat and protein levels. In general, feed intake decreased with increasing protein and fat and BW followed a similar pattern. Feed efficiency did not change significantly with fat level of the diet but increased with increasing protein levels. There were significant interactions between fat and Provided vitamins and minerals as previously described (Uni et al., 1995) . protein for feed intake and for feed efficiency. No significant effect of protein on gizzard, liver or small intestinal weight were observed, and fat did not affect liver or gizzard weight but increased small intestinal weight from 8.82% at 3% dietary fat to 9.51% at 11% dietary fat (data not shown). Carcass fat and protein percentage was not Values within columns with different superscripts are significantly different (P < 0.05).
altered by the dietary treatments (Table 4 ). The efficiency of protein retention decreased as dietary protein increased, but was not affected by dietary fat levels. The efficiency of fat retention was not affected by dietary protein levels but decreased to 17% with high dietary fat (Table 4) . Values within columns with different superscripts are significantly different (P < 0.05).
Experiment 2 examined the effects of fat and cellulose on performance during the first posthatch week in chicks. Increasing fat in the diet decreased feed intake at both cellulose levels, with little effect on BW, thus feed efficiency increased slightly with fat content (Table 5) . High cellulose decreased feed intake and BW and feed efficiency. Significant interactions between fat and cellulose were observed for feed intake. Both fat and cellulose had no effect on the size of liver, gizzard and small intestines (data not shown). The different diets did not change the Values within columns with different superscripts are significantly different (P < 0.05).
carcass composition or the efficiency of protein retention. The efficiency of fat retention decreased with increasing proportions of fat in the diet (Table 6 ). An additional experiment (Experiment 3) examined the effects of protein and cellulose on performance during the 7 d post hatch. Increasing protein levels decreased feed intake with little change in BW, thus feed efficiency increased with increasing dietary protein. Cellulose decreased feed intake, BW and feed efficiency (Table 7) . Significant interactions between cellulose and protein Values within columns with different superscripts are significantly different (P < 0.05).
were found for feed intake. In this experiment cellulose increased gizzard size and decreased the weight of the small intestines. Protein had no significant effect on the size of the gizzard, liver and small intestines and no significant interactions were observed (Table 8) . Carcass composition was not affected by the diets and the efficiency of fat retention did not change. In contrast the efficiency of protein retention decreased with increasing concentrations of dietary protein (Table 9) . A further experiment (Experiment 4) examined the effect of the diets fed during the first week on the performance of chicks at marketing. Thus, chicks were fed four protein and two fat levels in a 2 × 4 factorial design Values within columns with different superscripts are significantly different (P < 0.05).
for 1 wk and then transferred to the same diets until marketing. Although, significant differences in feed intake, BW and feed efficiency were observed after 7 d, by 18-d differences between treatments had almost disappeared, and by 31 and 41 d no treatment effects were observed (Table 10) .
DISCUSSION
This study examined the effect of different levels of fat, protein and cellulose on performance of chicks in the first week posthatch. Much research has been devoted to the effects of these factors in older broilers, however, most studies have either commenced from 7 d posthatch or presented overall results for the first 2 or 3 wk of performance. In addition, as studies (Noy and Sklan, 1998) have shown that early feeding posthatch enhances growth, here chicks were all at the same stage posthatch and had simultaneous access to feed. Previous work has indicated that yolk is utilized in the posthatch chick both by direct transfer to the circulation and by transport via the yolk stalk to the small intestine. Intestinal uptake appears to be efficient for lipids at hatch and the mechanisms for uptake of hexoses and amino acids appear to develop more slowly Sklan and Noy, 2000) . This study therefore exam- Values within columns with different superscripts are significantly different (P < 0.05).
ined the effects of diets that may saturate the intestinal uptake capabilities or influence the feed intake. In all the experiments examining combinations of fat, protein and cellulose in this study, feed intake during the first week posthatch was affected by the treatments. Intake was depressed by feeding increasing dietary CP with constant limiting amino acids in both experiments where protein levels were tested. However, it should be noted that as CP increased carbohydrates decreased. In previous studies in older chicks depression in feed intake with increasing CP has been observed (Parsons and Baker, 1982; Smith and Pesti, 1998) . It has been suggested that specific amino acids rather than CP per se are instrumen- tal in depressing the feed intake (Fancher and Jensen, 1989) . Increasing dietary fat also generally depressed the feed intake in this study, probably due to higher dietary energy density. Despite the decreased feed consumption little change in caloric intake occurred. This is similar to the decreased feed intake with increasing energy density reported in previous studies in older birds (Plavnik et al., 1997) . Addition of 10% cellulose to experimental diets also depressed feed intake, although it is possible that this was due to a larger amount of intestinal "fill" (Hill and Dansky, 1954) which inhibited further feed intake. In contrast, in older broilers dilution of either energy or amino acids with inert materials resulted in increased feed intake (Leeson et al., 1996) . Significant interactions were observed between all pairs of factors tested for feed intake, this suggests that fat, protein and cellulose are acting by effects that are not additive. In Experiment 1, BW gain was influenced by protein level, which decreased as the dietary protein level increased. The negative effect of increasing dietary protein on growth when the requirements for essential amino acids have been met has been previously reported in older birds (Summers et al., 1992) . In contrast to protein, increasing dietary fat in all experiments did not affect BW during the first week posthatch although previous studies in older birds usually showed some BW response at higher fat levels. In the trials reported here energy levels increased with increasing fat levels. Previous reports in older birds have shown that increased energy levels tended to increase BW (Plavnik et al., 1997) . Other work indicated that further increasing energy levels reached a plateau in BW response (Pesti et al., 1983; McNaughton and Reece, 1984) . Addition of 10% cellulose "on top" of the diet during the first posthatch week depressed growth in both experiments. In these high cellulose feeds energy and essential amino acid density was lower and this may have contributed to the decrease in growth. No significant interactions on BW were observed between the pairs of factors tested in these experiments.
In all the experiments the carcass composition at 7 d was determined. The proportion of protein did not change significantly in all treatments in the carcass at 7 d which is similar to previous reports in older chickens and other animals (Summers et al., 1992 , Luptasch et al., 2000 . Examination of the percentage of fat in the carcass in this study indicated that this also did not change at 7 days of age regardless of diet. In contrast, many studies in older birds showed that fat percentage in carcass increased with fat intake and with age (Summers et al., 1992) . In addition to carcass proximate composition we examined the size of the gizzard, small intestine and liver in all trials. The weight of the internal organs as a percentage of BW was not affected by the different diets except in one of the two trials where the size of the small intestine and gizzard were influenced by the cellulose level.
The efficiency of retention was calculated as the proportion of the intake retained in the carcass. In these trials, using constant limiting amino acid levels with increasing CP, efficiency of protein retention in all the experiments was plotted against the intake in Figure 1 . Efficiency of protein retention was highest at the lowest protein intake and decreased as CP intake increased. It has previously been reported in older animals that when specific amino acids are limiting then protein efficiency is highest (Fancher and Jensen, 1989) and increasing CP will result in some amino acids being supplied in excess and thus efficiency decreases. Efficiency of fat retention is also shown in Figure 1 and a similar but more pronounced decrease in efficiency of retention was observed with increasing dietary fat. Adipose tissue can also be synthesized from other nonfat precursors, so dietary fat is not the only contributor to fat retention. The constant fat content in the carcass, despite differing dietary fat in 7-d-old birds, is in sharp contrast to older birds that show increases in fat deposition as dietary fat and energy increase (Leeson et al., 1996; Plavnik et al., 1997) . The hatching chick absorbs fat readily by mechanisms already present for yolk acylglyceride utilization (Noy and Sklan, 2001 ). However, it appears that as no increased fat deposition was observed in chicks fed high fat diets, the mechanisms for increased deposition in adipose tissue are not yet active at this age. Thus, the high fat diets used here were not well utilized, which might also have been due to a nonoptimal energy:protein ratio in the diets.
The efficiency of retention of protein and fat together will define feed efficiency. Overall feed efficiency at the lowest dietary protein level, (18%) was less than at higher protein levels where a plateau was reached, although growth was decreased. At the highest protein level with the diets used in this trial the additional amino acids supplied were not utilized efficiently. Enhanced dietary fat did not improve feed efficiency in Experiment 1 and had small effects in Experiment 2. This lack of improvement is probably due to the lack of fat deposition with increased dietary supply as discussed above. Diets containing high levels of cellulose showed decreased feed efficiency in both trials as the cellulose was not used and just appeared to act as filler.
An additional question addressed in this study was whether the changes caused by feeding different fat and CP levels in the first posthatch week produced long-term effects. Feeding CP levels ranging from 19 to 25% and fat 4.5 or 9% for 1 wk then transferring to standard diets indicated that differences observed after 7 d had almost disappeared by 18 d and no significant differences were found after this time. It thus appears that feeding diets with wide ranges of fat or CP at constant limiting amino acids for 1 wk, or high cellulose diets did not result in irreversible growth effects.
This study shows that feeding diets of various compositions to chicks during the first week posthatch resulted in different effects then those found in older birds. Growth during the first week comprised constant proportions of carcass protein and fat with all fat-protein-cellulose combinations tested. Therefore, the influence of dietary composition on immediate posthatch growth once limiting AA were provided was restricted.
